Abstract-The water content of the material affects the permittivity of the material, and changing the moisture content of the coffee bean changes the taste of coffee. The variation of the moisture content of coffee bean can be predicted by the change of the frequency and the return loss according to the change of the permittivity of the bean placed on the patch antenna. In this paper, dual-band patch antenna has been designed, a moisture measurement band 3.8Ghz ~ 4Ghz that can measure moisture level of the material, and a transmit and receive band of WIFI 2.45GHz. This paper proved that the level of return loss changes from 3.6 to 4 GHz when the moisture content of coffee bean changes from 2 to 15% according to the simulation and measurement. By using this antenna, the moisture levels of rice and other beans can be measured and can be applied to various applications.
I. INTRODUCTION
Moisture changes change the permittivity of coffee beans and affect the taste. The change in antenna performance due to changes in the permittivity of the material placed as superstrate on the antenna is generally known. The change of the permittivity can be estimated according to the change of the return loss of the antenna and the change of the number of injections, which makes it possible to deduce the moisture of the coffee bean. A dual-band antenna with a measurement band and a communication band is designed by setting the frequency to suit two purposes. In general, a dual-band structure of a patch antenna which is easy to design has been widely used [1] . A dual-band antenna has been introduced that measures the change in the permittivity of a very small, clustered patch antenna that is optimized and measures the moisture change of the soil, and can transmit the measured value through the communication band [2] .
The main raw material of coffee is roasted to flavor and taste. During the roasting process, the number of coffee beans is varied from 2 to 15%, and proper skill is required to achieve the desired taste and aroma. This paper measures coffee moisture by placing coffee as a superstrate on top of the measuring partial antenna and measuring the change of return loss and frequency. The measured values are intended to design a dual band antenna capable of transmitting or receiving in the Wifi band. The communication band operates in the 2.47GHz band of IEEE 802.15 standard used for Wifi and Bluetooth, and this communication band is designed so that the frequency does not change even when the moisture content and permittivity of bean change. The patch antenna used to measure the moisture of coffee beans was designed to use the 3.6Ghz ~ 4Ghz band for moisture measurement.
II. MAIN SUBJECT Figure 1 left picture shows an RF board with 30 mils thickness with a dielectric constant of 3.2, designed with the parameters shown in the figure as a moisture measuring antenna of coffee beans. The antenna is designed to use 2.47Ghz for communication and 3.6 ~ 4Ghz for coffee moisture measurement. The feed point of the antenna is designed to be used in common for both bands at the lower part. In Figure 1 , the left and top parts of the antenna are the communication antenna part and the lower right part is the antenna part for moisture measurement. Figure 1 right picture shows the coffee beans ground on the antenna and placed 10 mm thick on the measuring antenna. The reasons for designing the coffee only at specific locations are that the frequency used for communication does not influence the change in the permittivity of the coffee. The part where the coffee is raised is designed to measure the moisture content of coffee and is designed to be sensitive to the change of the permittivity.
The moisture change of coffee beans affected the change of the permittivity and moisture was measured by the permittivity of coffee beans. The dielectric constant was measured using an Agilent 85070E Dielectric Probe kit. The measurement was repeated ten times in total and the average value was used. Moisture measurement was performed using a commonly used moisture meter. As a result, the moisture of green beans is the dielectric constant showed a dielectric constant of about 3.2 beans of about 2% moisture at 15% was about 1.56. Figure 2 shows the return loss of the antenna according to the permittivity. In Fig. 3 , A represents the return loss value of green bean with a dielectric constant of 3.2, which is -8dB at 3.84Ghz. B is a coffee with a dielectric constant of 2.5 (about 9% moisture) and has a return loss value of -9 dB at 3.89 GHz. C (about 2% moisture) has a dielectric constant of 1.3, and the return loss value has a value of -16 dB at 3.96 GHz. The frequency change and the return loss value in the communication band of 2.47Ghz are almost unchanged, and the change of the return loss from 3.8Ghz to 4Ghz greatly changes according to the dielectric constant. As a result, the change of the return loss of the frequency band for measurement can be seen without changing the frequency and the return loss value of the communication band according to the change of the dielectric constant. Figure 4 shows the measured antenna through Network Analyzer. The measurement result showed a return loss of about -24dB in the communication band of 2.48GHz and there was no change depending on the beans to be measured. Also, two kinds of green beans (about 15% moisture) and beans (moisture content 9%) were measured with an antenna. green beans have showed a return loss of about -4.4dB return losses at 3.64Ghz, beans showed the return losses of -4.5dB at 3.69Ghz. The actual experimental data with some error, but can see the results similar to the measurement result and the simulation result. In this paper, we design a dual -band antenna that can measure the moisture of coffee through a patch antenna. In the design results, the return loss measured at 2.48Ghz, which is possible to communicate, is about24dB, which is better than simulation. Result of the return loss of the green beans(about 15% moisture) having a dielectric constant of 3.2 through simulation in 3.6Ghz ~ 4Ghz band for measuring moisture coffee has levels of -8dB About 15% moisture in 3.84Ghz. The return loss of green beans with moisture content of 9% was -9dB at 3.89Ghz and the return loss of 2% bean was -16dB at 3.96Ghz. The measurements provided two Coffee beans with 15% moisture showed a return loss of -4.4dB at about 3.64Ghz and about 9% coffee beans showed a return loss of -4.5dB at 3.69Ghz. The two measurements show frequency bands similar to simulations, but show different aspects in terms of the magnitude of the return loss.
Through the design of this antenna, it is possible to confirm the change of the reflection coefficient of the antenna and the change of the frequency of the moisture according to the change of the permittivity of the coffee bean, and the moisture change can be predicted. Based on these results.
